Purpose. To evaluate factors predictive of recurrence following curettage of simple bone cysts (SBCs) in the proximal humerus. Methods. Records of 29 male and 3 female patients aged 3 to 22 (mean, 11) years who underwent curettage with or without bone grafting for a solitary SBC in the proximal humerus were reviewed. The appearance, size, location, activity level, and fracture pattern of each cyst were recorded. The cyst index indicated the risk of refracture. Recurrence was defined as a refracture or enlargement of the cyst. Results. 31 patients presented with a pathological fracture. The main symptoms were pain (n=30), loss of function (n=22), and mass/swelling (n=15). 25 patients gave a history of trauma. The duration of symptoms was less than one month. 10 patients had recurrence after a mean of 10 (range, 4-27) months; 5 were refractures and another 5 were enlargement of the cysts. Six were treated conservatively and eventually healed, whereas 4 underwent further curettage.
INTRODUCTION
A simple (unicameral) bone cyst (SBC) is a fluid-filled lesion with fibrous lining usually occurring in children and adolescents. It may be asymptomatic, and hence the true incidence is unknown. A pathological fracture is the most common presentation when marked cortical thinning occurs. 51% of all SBCs occur in the proximal humerus. Recurrence following ablation is more common in cysts at this than other sites of the body. [1] [2] [3] [4] Treatment options include observation, percutaneous steroid injection, and surgery. The natural history of the lesion is unknown; some authors consider that it is formed from accumulation of interstitial fluid owing to defects in lymphatic or venous drainage of the bone. 5 Non-operative management may not suffice for younger patients; only a low percentage of pathological fractures heal completely after obliteration of the cyst. 1, 2, 6, 7 The main indications for treatment are to prevent further pathological fracture, decrease morbidity, and return to normal lifestyle promptly. Nonetheless, in contrast to lesions in the proximal femur, some still suggest observation for those in the proximal humerus. Despite being non-weight bearing, the humerus is subject to considerable lever-arm load and torque. 7 Lesions in the proximal humerus are prone to enlarge grossly and hence fracture. 1 Recurrent pathological fractures cause unnecessary distress to child patients. 6 The radiographic appearance of a mature SBC is usually characteristic; further imaging studies are usually unnecessary especially in long bones. 8 The classic appearance is a centrally located, radiolucent, well-marginated, slightly expansile lesion of the metaphysis. The 'fallen fragment sign' 9 is a fracture fragment of the thinned cortical bone lying on the floor of a cyst indicating the presence of a fluid cavity rather than a solid tumour.
The risk of recurrence after treatment ranges from 17 to 50%, 10 depending on the cyst location and treatment. 2 The proximal humerus has the highest recurrence rate compared to any other body sites. We therefore evaluated factors predictive of recurrence following curettage of SBCs in the proximal humerus.
MATERIALS AND METHODS
Records of 29 male and 3 female patients aged 3 to 22 (mean, 11) years who underwent curettage with or without bone grafting for a solitary SBC in the proximal humerus between 1995 and 2005 were reviewed. Diagnosis was confirmed by histopathological examination. The indication of curettage was at the discretion of the attending surgeon. Bone substitute was used for larger cysts.
Radiographs were reviewed for cyst appearance (unilocular or multilocular 11, 12 ), cyst greatest diameter, cyst size (measured as a proportion of the cyst diameter to the total transverse diameter of the bone), and cyst activity level (active or latent). Active cysts were situated in the vicinity (0.5 cm) of the epiphysis and prone to recur. 2, 3 Latent cysts were separated from the epiphysis by a normal interval of bone and less prone to recur. The location and number of fractures, fracture characteristics (impaction, angulation, displacement and comminution), and time to bone union were also reviewed.
The cyst index was calculated as the area of the cyst divided by the square of the diaphysis diameter on anteroposterior radiographs. 13 Its calculations were similar in either anteroposterior or lateral radiographs. 13 The cyst index indicated the risk of refracture, as the size of the cyst relative to the bone was measured and the strength of the remaining cortex quantified.
Treatment results were assessed radiographically using the Neer classification. 3, 11, 12 Excellent outcome was defined as complete obliteration of the cyst. Residual defect was defined as one or more static cystlike residual with good bone strength. Recurrence was defined as a refracture or enlargement of cyst, 2 as some of these recurrences were treated conservatively.
All reported p values were 2-tailed, and a value of ≤0.05 was considered statistically significant. Factors that may determine recurrence were analysed using the Pearson Chi squared or Fisher's exact tests. The effect of different fracture patterns and time to bone union was determined using Student's t-test.
RESULTS
Patients were followed up for a mean of 55 (range, 28-160) months. 31 (97%) of the patients presented with a pathological fracture; 20 (63%) had one fracture, 6 (19%) had 2, and 5 (16%) had 3. The main symptoms were pain (n=30), loss of function (n=22), and mass/ swelling (n=15). 25 (78%) patients gave a history of trauma. The duration of symptoms was less than one month.
Respectively, 15 and 17 cysts were located in the right and left sides, 26 and 6 were in the metaphysis and diaphysis, 17 and 15 were active and latent, and 23 and 9 were unilocular and multilocular. The mean cyst index was 3.8 (range, 1.1-8.9). The mean cyst greatest diameter was 65 (range, 31-150) mm. The mean cyst transverse diameter as a proportion to the total transverse diameter of the bone was 0.9 (range, 0.8-1.0). The mean cyst axial diameter as a proportion to the total transverse diameter of the bone was 2.1 (range, 1.1-5.2).
Of the 32 patients, 9 (28%) underwent curettage only, 12 (38%) had curettage with autologous bone grafts, 10 (31%) had curettage with donor bone grafts, and one had curettage with osteo-inductive pellets. Generally, those who underwent curettage with bone grafts had a greater cyst index. According to the Neer classification, 9 (28%) of the patients had excellent outcome, 13 (41%) had a residual defect, and 10 (31%) had recurrence. Three patients developed complications; one had a donor-site infection, another had a growth disturbance with a mild bowing deformity of the shaft, and the third had limb shortening with epiphyseal arrest.
Time to bone union was not associated with the fracture pattern (impaction, angulation, displacement and comminution). After curettage, impacted fractures were less likely to recur than unimpacted fractures (1 vs. 9, p=0.04, Pearson Chi squared test)
In the 22 patients without recurrence, the mean time to resolution was 14 (range, 2-49) months. In the 10 patients with recurrence, the mean time to recurrence was 10 (range, 4-27) months; 5 patients had a refracture and another 5 had enlargement of the cyst with thinning of the cortex (Table) . Six of them were treated conservatively and eventually healed, and 4 underwent further curettage (2 healed without further complication, one healed after 3 months but resulted in growth disturbance, and one had several bone graft procedures for recurring problems that resulted in growth disturbance).
Recurrence was associated with younger patient age (8.9 vs 12.6 years, p=0.014, Student's t-test). Multilocular cysts were more prone to recur than unilocular cysts (7 vs 3, p=0.004, Pearson Chi squared test). Recurrence was not associated with gender, location and activity of the cyst. Cysts on the right side were more likely to recur than those on the left side (8 vs 2, p=0.01, Pearson Chi squared test). A higher cyst index was also associated with increased likelihood of recurrence (4.46 vs 2.97, p=0.039, Student's t-test).
DISCUSSION
SBCs represent 3% of all primary bone tumours and remain the most frequent cause of pathological fractures in long bones. 2, 11, 14, 15 In our study, factors predictive of recurrence were young age, cysts on the right side, larger cysts, multilocular cysts, and unimpacted fractures.
Recurrence is more likely in patients younger than 10 years old. 3, 4, 16 In our series, all 4 patients aged <5 years had a recurrence. SBCs usually disappear in adults older than 25 years. 3 In our 22-year-old patient, the cyst healed completely in 4 months after curettage.
SBCs are more prone to occur in boys than girls, with ratios ranging from 2:1 to 7:1. 2, 3, 11, 12, 15 Recurrence is more likely in girls than boys (30% vs. 12.5%). 4 In our series, right-side cysts were more prone to recur, probably owing to the use of the dominant hand.
Larger cysts are at higher risk of recurrence. 1, 4, 13 In our series, the cysts usually took up over 90% of the transverse diameter of the bone, resulting in a thin cortex and hence pathological fractures. In the single patient without a pathological fracture, both the cyst index (1.10) and cyst transverse diameter as a proportion to the total transverse diameter of the bone (0.75) were smaller. Active cysts near the epiphysis are more likely to recur than latent cysts separated from the epiphysis by a normal interval of bone. 1, 6, 11, 14 In our study, patient age was a more reliable predictor than proximity to the growth plate. 2 Multilocular cysts are more likely to recur, 2, 3, 11, 12 as curettage may leave some areas behind owing to an earlier healed facture lines. In our series, impacted fractures were less likely to recur. High-energy fractures are more likely to be associated with nonunion owing to disruption of osteo-inductive stimulus. With impaction, the cyst becomes obliterated with disruption of cyst structure through shortening and healing (Fig.) . In unimpacted fractures, cysts tend to maintain their volume and are at risk of refracture.
Prior to introduction of steroid injections, curettage and bone grafting was considered a definitive treatment for SBCs. Recurrence rates have varied from 20 to 45%, 3, 4, 14, 17 depending on the use of adjuvant therapy such as grafts/bone substitutes.
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Curettage alone has a higher risk of refracture. Corticosteroid injection has resulted in satisfactory healing in 67% to 96% of patients, but complete healing required multiple injections. 6, 11, 12, [22] [23] [24] [25] [26] Nonetheless, this strategy is preferred in some centres as it is less invasive than open surgery. Novel treatment methods (elastic stable intramedullary nailing, muscle grafting, percutaneous autologous marrow grafting, percutaneous intramedullary decompression, curettage, and grafting with medical-grade calcium sulphate pellets) have reported no recurrences, but their follow-up durations were short. 15, 18, 27, 28 Most SBCs heal even if the fracture is treated expectantly. Neither open surgery nor steroid injections achieve a 100% success rate. SBCs should be left alone unless symptomatic. If curettage is performed, grafts or bone substitutes should be used. More aggressive treatment might be indicated for unimpacted fractures in order to minimise the risk of recurrence.
Figure
Radiographs showing an impacted fracture (a) at presentation, (b) after one month, and (c) after one year.
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